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Myocardial Preconditioning During Repeated
Daily Ischemic Episodes
FOP vs baseline: *p < 0.05, **p < 0.01; FOP vs placebo: +p < 0.05, ++p < 0.01, +++p
< 0.001
Conclusion. These results indicated that FOP is beneficial to patients
with stable angina pectoris. It prolongs exercise duration, decreases angi-
nal episodes and total ischemic burden.
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Shaare Zedek Medical Center, Jerusalem, Israel
Myocardial preconditioning was described in animal experiments and also
on repeated coronary occlusions during coronary angioplastv, however, it
has never been described during daily life. Twenty-three patients with proven
coronary disease and episodes of ischemia on Holter monitoring were in-
structed to walk the same route, which previously caused myocardial is-
chemia, 3 times within 45 minutes (15 minutes each walk). The duration of
ischemia (per patient), maximal ST depression (STD), and the ST level at a
uniform heart rate (normalized STD) for all 3 walks for every patient were
recorded.
Reduction in Exercise Threshold to Post-prandial
Angina Occurs After Carbohydrate, but not Fat or
Protein, and Independently of Myocardial Oxygen
Consumption
Ragavendra R. Baliga, Leah J. Burden, Jaspal S. Kooner. Royal Postgraduate
Medical School, Hammersmith Hospital, London, UK.
(SDNN), coefficient of variation, rMSSD and pNN50. Spectral analysis using
a Fourier transform algorithm resulted in total power, low (0.04-0.15 Hz) and
high (0.15-0.40 Hz) frequency components.
At baseline, the total duration of MI was 11.4 ± 13.9 minutes (mean per 24
hours ± SOl, the total number of episodes was 2.2 ± 2.3. Metoprolol reduced
the total duration of MI -6.0 minutes (-11.1, -1.0), (mean per 24 hours and
95% CII; the total number of episodes decreased -1.3 (-2.2, -0.5). These
changes were significantly more pronounced in patients with a low SDNN at
baseline: the total duration of MI decreased -8.7 minutes (-14.5, -2.8) and
the total number of episodes -1.9 (2.9, -0.8). In patients with a high SDNN at
baseline, however, only non significant trends were observed. Similar results
were obtained when patients were divided using the other HRV parameters,
but not when using heart rate at baseline. Furthermore, similar results were
also found for changes in silent MI. Diltiazem reduced only the total duration
of MI by -4.9 min{-9.7, -0.1). the other parameters did not show significant
changes. Also, no significant changes were observed in relation to HRV
We conclude therefore, that especially patients with reduced HRV at base-
line respond to treatment with metoprolol. This differential pattern is not ob-
served with diltiazem. Our results indicate, that analysis of HRV can be useful
in selecting patients who will benefit from treatment with beta blockers.
Yang Li, Hai-ming Shi, Yue-wen Xi, Shou-yi Wang, Wei-hu Fan, Rui-hong Dai.
Shanghai Medical University, Shanghai, PH China
Angina 1 mmSTDEP Peak Exercise
TA (secl RPP x 10-3 TST (sec) RPP x 10-3 Time (sec) RPP x 10-3
WM 141 ± 20 16 ± 07 141 ± 20 17 ± 1.2 317 ± 62 18 ± 1.2
eM 109±17' 18± 10 109 ± 17' 18± 1.4 254 ± 66* 20 ± 1.2
FM 157 ± 59 17 ± 1.0 157 ± 21 19± 1.2* 287 ± 62 20± 12
PM 149 ± 64 18 ± 0.5* 149 ± 22 18 ± 1.0 291 ± 65 20 ± 1.1*
Conclusion: 1. Decrease in time to angina, 1 mm ST DEP. and peak ex-
ercise occur after carbohydrate meal but not fat meal or protein meal. 2.
This is not accompanied by a rise in rate-pressure product after carbohy-
drate meal unlike fat meal and protein meal. 3. Decreased exercise threshold
to post-prandial ischaemia after carbohydrate meal occurs independently of
increased myocardial oxygen consumption, suggesting 'steal' mechanisms
contribute.
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Walk p
1 2 3 walk 1 vs 2 walk 1 vs 3
Ischemia Duration (secl 514 228 253 0.003 0.003
Maximal STD (mm) 2.21 161 1.43 0.001 0.0002
Normalized STD (mml 1.95 1.41 118 0.0002 0.00001
Max. Heart Rate (b/min) 113 112 113 0.793 0.974
These data indicate that during repeated ischemic episodes, for the same
maximal heart rates, there was a reduction in duration of ischemia, in maxi-
mal ST depression and a reduction in the normalized STD.
This is the first description of myocardial preconditioning during daily life,
and it may provide explanation for the well-known phenomenon of "walk-
through-angina".
Chest Pain Follow Up After Emergency
Treatment/Cardiopulmonary Resuscitation
Tuesday, March 21,1995, Noon-2:00 p.m.
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Presentation Hour: 1:00 p.m.-2:00 p.m.
Matthew R. Caterine, Kirk T. Spencer, Robin S. Smith, Garry R. Buettner, Richard
E. Kerber. Univ. of Iowa, Iowa City, IA
Previous work in our lab has shown that direct current (DC) shocks gener-
ate free radicals, which may be toxic to the myocardium. We hypothesized
that administration of free radical scavenging enzymes prior to shock deliv-
ery would attenuate the generation of free radicals. We used a newly devel-
oped and validated technique for real time quantitation of free radical pro-
duction: ascorbyl free radical (AFR) concentration in coronary sinus blood,
measured by electron paramagnetic resonance. In 10 open-chest dogs, 75J
and 100J epicardial shocks were administered during NSR. Then superoxide
dismutase (SOD, 15,000 f.L!kg) and catalase (CAT. 55,000 u!kg) were given as
a continuous infusion. Ten mins. after initiating the SODICAT infusion, 75J
and 100J shocks were repeated. Four control dogs received normal saline
instead of SODICAT.
Results:
75 J
100 J
Energy
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Effects of Fructose-1,6-Diphosphate in Patients
with Stable Angina Pectoris
We investigated the role of food constituents in mechanisms contributing
to post-prandial angina (PPA). Studies were performed in 8 males (aged 60
± 3 yrs). with reproducible PPA, after an overnight fast. off drugs (except
GTN) for 3 days. HR, BP. rate pressure product (RPPI, time to onset of angina
(TA) and 1 mm ST depression (TST), plasma noradrenaline (NOR, nmolll) and
adrenaline (AD, nmolM, were measured before, 30 min after water (WM). liq-
uid carbohydrate (eM), fat (FM). and protein (PM) meals, and during exercise
(Bruce protocol). Meals were isocaloric (1 000 cal). isovolumic, and adminis-
tered in random order, on separate days. HR, BP. and RPP increased to similar
levels 30 min after CM, FM and PM, compared to WM. During exercise TA.
TST and ED were reduced after CM, but not FM or PM, compared to WM (*
~ p < 0.05). RPP was unchanged after CM, but increased after FM and PM,
compared to WM. Plasma NOR rose after CM (3.4 ± 0.4 to 4.9 ± 04*) and
FM (3.1 ± 0.3 to 4.2 ± 0.2*), but not after PM or WM. Plasma AD did not rise
after meals.
Experimental studies showed that fructose-1,6-diphosphate (FOP) supplied
exogenously improved hemodynamic parameters, attenuated electrocardio-
graphyassessed injury and loss of ATP from ischemic myocardium. The ef-
fects of FOP were evaluated in 42 patients with stable angina pectoris using
a double blind, placebo-controlled, crossover trial design. After their angina
was stabilized, the patients were randomly assigned to sequence group A
or B. Group A received a placebo intravenously (iv) 2 times daily for 10 days
and then FOP 109 iv. 2 times daily for 10 days. Group B received the same
treatment in the reverse order. Treadmill exercise tests and Holter-monitoring
were performed before and in the last two days of placebo or FOP treatment.
The differences in outcome between placebo and FOP were the following.
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x ± SO.. *p < 0,05 post V5. pre. Area = integrated area under AFR concentration vs. time
curve
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1959-1041The 4 control dogs showed no significant differences in AFR generation
when comparing shocks administered before and after saline infusion rather
than SOD/CAT. Conclusion: antioxidant enzymes markedly attenuate free
radical generation by DC shocks. If free radicals are a mechanism of de-
fibrillation injury in patients, drugs with free radical inhibiting or scavenging
properties may prevent such injury,
The Potential Use of Impedance Cardiography
as a Hemodynamic Sensor for Automated
External Defibrillators
Paul W. Johnston, John Anderson, A.A. Jennifer Adgey. Regional Medical
Cardiology Centre, Royal Victoria Hospital, Belfast, N. Ireland: N. Ireland Bio-Engineering
Centre, University of Ulster, Jordanstown, N. Ireland
Norman A. Paradis, Christopher M. Davison, Jennifer A. Fuller. Department of
Medicine, Columbia University College of Physicians and Surgeons, New York, NY
There were no in-hospital deaths in any of these patients. This protocol ap-
pears safe, can be systematically applied to include all patients who present
with CP, and will thus help maximize resource utilization by appropriately
triaging patients and reducing LOS.
Level Predicted Risk of AMI % Patients AMI(%) CCU LOS
1 >95% 4% 100% 2.9 days
2 50-95% 31% 21% 1.7 days
3 5-50% 23% 3% 21 hrs
4 <5% 42% 0% 0
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Richard E. Stewart, Christine Z. Dickinson, Ian Weissman. William W. O'Neill,
Howard J. Dworkin, Jack E. Juni. William Beaumont Hospital, Royal Oak, Michigan
Emergent myocardial perfusion imaging IMPI) has been shown to be accu-
rate in diagnosis of acute MI. We assessed the financial and pt outcome
implications of such imaging.
Method: 50 pts presenting to emergency center (Ee) with unexplained
chest pain received resting Tc99m-sestamibi SPECT MPI as part of their
EC evaluation with a gamma camera dedicated to this purpose. If resting
scan was nl, adenosine stress imaging was performed in EC at cardiologist's
(MOl discretion. Influence of MPI was determined by MD questionnaire com-
pleted immediately before and after MPI results were made available. Cost
savings analysis was based on pre- vs post-MPI management strategy and
historical analysis of costs. 45 pts were followed avg 9 months post MPI.
Results: MPI altered pt management in 34/50 pts (68%).29 pts were sent
home rather than admitted based on EC MPI. 9/21 admitted pts were sent
to lower intensity beds. Total cost savings was $88,533 ($1771/pt). 35 pts
were asymptomatic on follow-up, 8 had recurrent chest pain and 6 had at
least 1 EC visit for chest pain. No pt with nl MPI had a major cardiac event
or revascularization on follow-up.
Conclusion: The use of acute EC SPECT MPI is a cost effective means of
assigning pts to a low risk group that may be followed safely on an outpatient
basis.
Recent studies suggest the mechanism of sudden death in congestive heart
failure (CHF) patients is less frequentlyVTNF than previously believed. In or-
der to further understand the characteristics and mechanisms of death in
CHF patients, we evaluated 146 patients who underwent cardiopulmonary
resuscitation during hospitalization for congestive heart failure, ischemic
heart disease, and noncardiac causes. Clinical characteristics and outcomes
are described below:
Automated external defibrillators use ECG analysis algorithms to identifyven-
tricular fibrillation IVF) and ventricular tachycardia (VT). VT can be associated
with a wide range of blood pressures and automated defibrillators determine
the need for DC shock based on the heart rate alone. The incorporation of a
hemodynamic sensor may improve the accuracy of an automated defibrilla-
tor. The impedance cardiogram (ICG) has been used to non-invasively mea-
sure cardiac output and its peak value, dz/dt(max), correlates well with aortic
blood flow. We have developed a system whereby the ICG can be recorded
at cardiac arrests through the same two ECG/defibrillator pads, placed in an
antero-apical position, that are used to monitor or shock the patient. At 103
cardiac arrest calls and in 20 healthy volunteers (C) the ICG was recorded
for a period of at least lOs without CPR artefact: 9 records were rejected be-
cause of poor quality. The rhythms were divided into VF, asystole (As). agonal
rhythm lAg), electromechanical dissociation (EMD). VT requiring DC shock
(VTs) and VT not requiring DC shock (VTns). The ICG tracings were ensemble
averaged to remove any electrical noise and dz/dt(max) was measured.
C was significantly greater than all other rhythms. VTns was significantly
greater than the pulseless rhythms EMD, Ag, VF and As. There was no sig-
nificant difference between VTs and the pulseless rhythms. Thus the ICG is
a potential hemodynamic sensor for automated external defibrillators.
Characteristic Mechanisms and Outcome of
Cardiopulmonary Arrest in Congestive Heart
Failure Patients
Mark C. Thel, Steven McNulty, Christopher M. O·Connor. Duke University, Durham,
NC
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What "Dose" of Oxygen is Required in Treating
Prolonged Cardiac Arrest
A Systematic Approach to the Evaluation of
Chest Pain in the Emergency Department: A
Prospective Risk Assessment and Treatment
Protocol Based on Patient Presentation, ECG
and Rest Technetium 99m-Sestamibl
Introduction: Selective aortic (Ao) perfusion and oxygenation (SAPO) with
oxygenated ultra-purified polymerized bovine hemoglobin (UPBH) is an effec-
tive adjunct to ACLS in the treatment of cardiac arrest. The optimal volume
of oxygenated UPBH, equivalent to a dosage of oxygen, is not known.
Purpose: Determine the doselresponse relationship between intra-Ao
UPBH and return of spontaneous circulation (ROSC).
Methods: Randomized, interventional study using a canine model of VF
with a prolonged "down-time" and CPR based on external chest compres-
sion. After chloralose anesthesia, the blood gases and vital signs were nor-
malized. ECG, Ao arch and intra-esophageal pressures were measured con-
tinuously, A descending Ao occlusion-infusion balloon catheter was placed
through the femoral artery. Ventricular fibrillation was induced and BLS be-
gun after 10 min, Inter-animal differences in BLS were minimized by stan-
dardization of esophageal pulse pressure and Ao blood gases. At 13 min.
the Ao occlusion balloon was inflated and 10,20 or 30 cclkg of UPBH (equiv-
alent to 1.8,3.6, and 5.4 ml 021kg) was infused at 300 cc/min. Defibrillation
with 8 Jlkg was attempted at end infusion. Results: N = 17. Only 2 of 5 an-
imals given 10 cc/kg of UPBH had ROSC, verses 4 of 5 given 20 cclkg, and
all 7 animals given 30 cclkg had ROSC (p = 0.05). All resuscitated animals
were alive at one hour. Conclusions: There is a dose-response relationship
between the volume of oxygen administered by SAPO and the rate of ROSC
after prolonged cardiac arrest. Thirty cc/kg of UPBH, equivalent to 5.4 ml
021kg, appeared optimal in this model.
Christopher S. Nicholson, Charlotte S. Roberts, James L. Tatum, Joseph P Ornata,
Robert L. Jesse. Medical College of Virginia/VCU, Richmond, VA
Ideal treatment of acute myocardial infarction (AMI) and unstable angina (UA)
require rapid evaluation and triage in the ED. Appropriate patient triage and
disposition can reduce admissions and optimize resource utilization includ-
ing reduced CCU length of stay (LOS). Historically less than 20 percent of
patients admitted with chest pain (CP) rule in for AMI. However, all patients
must be initially evaluated in the same fashion until the risk of AMI or UA
can be determined and appropriate treatment initiated. Given the diagnostic
limitation of the presenting symptoms and initial ECG, we designed and are
prospectively testing a systemic protocol to evaluate all patients who present
to the ED with CP All patients are assigned to one of five levels based on risk
and probability of AMI and of ischemia: 1. AMI; 2. Probable AMI/UA; 3. Pos-
sible AMI/UA; 4. Possible UA; and 5. Non-cardiac CPO In the absence of a
diagnostic ECG needed for assignment to levell, (ST elevation), or level 2,
(ST depression). immediate injection of Tc99m-sestamibi in the ED is used to
further stratify patients in levels 3 and 4. If the evaluation of any given patient
becomes positive, the assigned level is increased to one of higher risk with
appropriate changes in therapy.
Since January 1994, 560 patients with potential cardiac chest pain have
been enrolled into levels 1-4. Level 5 patients were treated for obvious non-
cardiac causes. Predicted risk of AMI with distribution of patients and actual
incidence of AMI is as follows:
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